Introduction
(DSP), junctional plakoglobin (JUP), desmoglein-2 (DSG-2) and desmocollin-2 (DSC-2)
. Two rare but severe autosomal recessive ARVC phenotypes with additional palmoplantar keratoderma and wooly hair, Naxos disease and Carvajal syndrome, are caused by homozygous mutations of JUP and DSP proteins respectively. Myocardial sections from victims of recessive Naxos disease and Carvajal disease have been studied using confocal immunofluorescence microscopy and demonstrate decreased gap junction connexin43 signal at the intercalated disks [12, 13] . [14] . However, reduction in connexin43 expression has yet to be identified in humans with heterozygous desmosomal gene mutations causing ARVC [13, 14] . [14, 15] . [17] . Despite 24- 
Disruption of cell junctions associated with desmosomal protein abnormalities is believed to impair proper gap junction formation and function, leading to disturbances in cardiac electrical conduction and associated arrhythmias. Abnormalities of connexin43 expression at intercalated disks have been shown to occur in Boxer dogs with ARVC, although the specific gene mutation in this model remains unknown

PKP-2, a member of the armadillo repeat domain family, improves cellular stability by bridging desmosomal cadherins and intermediate filaments of the cytoplasm
The development of cardiomyopathies as a result of autosomal dominant mutations of PKP-2 is consistent with the important structural function this protein exerts [16]. PKP-2 mutations underlying ARVC were initially identified by Gerul and colleagues in 32 (27%) of a series of 120 unrelated affected individuals [3]. Van Tintelen confirmed PKP-2 mutations in 24/56 (43%) individuals meeting ARVC Task Force criteria, making PKP-2 the most commonly mutated gene causing ARVC
the elucidation of desmosomal protein mutations as causes of this cardiomyopathy, little is understood regarding their role in cardiac arrhythmias. We sought to examine the link between PKP-2 mutations underlying ARVC and the resulting arrhythmia, which occur in this disease. We hypothesized that mutations of PKP-2 would lead to reduced expression and/or localization of connexin43 at intercalated disks. A reduction in connexin43 gap junctions as a result of heterozygous mutations in PKP-2 may explain the ventricular conduction delay seen in patients with autosomal dominant ARVC and further develop our understanding of disease pathogenesis.
Materials and methods
Clinical characteristics of ARVC patients
Patients presenting to our cardiac arrhythmia program with any of nonsustained monomorphic ventricular tachycardia with LBBB morphology, a family history of ARVC or an epsilon wave underwent non-invasive testing included ECG, signal-averaged ECG,
Quantitative localization and colocalization analysis
Transfection of HL-1 mouse myocyte cells with PKP-2 siRNA
In parallel to examining endomyocardial biopsies from ARVC patients, HL-1 atrial myocytes were chosen for in vitro analysis. HL-1 cells have the ability to be continuously passaged and recurrently used in ARVC research [19] [20] [21] . These cells maintain the electrophysiological functioning of healthy cardiomyocytes and express near natural levels of connexin43, making them ideal for this particular research [21] . Ventricular Fig. 1.iii) . This genotype has been previously described in ARVC pathogenesis [9] . A missense mutation, R635W, was elucidated in patient 3 ( Fig. 1.iv) Fig. 1.v) [22] . (Fig. 3) . (Fig. 4) (Fig. 4) . Luminescence percentages for both controls 1 and 2 were calculated as 61.36% and 51.59% respectively (Fig. 4) Figure 5 (Fig. 6A) . Specifically, expression of non-phosphorylated connexin43 appeared to decrease more than phosphorylated protein, though both protein forms were reduced (Fig. 6A) Results of immunufluorescence experiments indicated that connexin43 undergoes dramatic reorganization following PKP-2 siRNA silencing. Four days after siRNA transfection, cells were exposed to PKP-2 and connexin43 primary antibodies, followed by incubation with targeted Cy2 and Cy3 tagged secondary antibodies respectively. Analysis of samples using fluorescence microscopy showed changes in both PKP-2 and connexin43. The amount of PKP-2 at the cell-cell borders was noticeably reduced in transfected cells (Fig. 6B) . The residual PKP-2 protein tended to relocate to the perinuclear region, where it was found to colocalize with connexin43 (Fig. 6B) Fig. 3 following PKP-2 silencing [25] . As 
Results
Clinical identification of ARVC
Connexin43 localization and expression is disrupted in plakophilin-2 mutant tissue
2). While it was more difficult to visually discern decreased intercalated disk expression of connexin43 in the other three patients, increased ectopic expression of connexin43 was evident in patients 2-4 (Fig. 3). Patients 3 and 4 demonstrated abnormal connexin43 organization at the intercalated disk, where a punctate pattern of gap junction protein, rather than a continuous localization pattern was recognized
Abnormal connexin43 expression and colocalization to the intercalated disk were each quantified by assessing luminescence (Adobe Photoshop) and colocalization coefficients (Volocity), respectively. The percentage values of connexin43 luminescence in comparison to N-cadherin for patients 1-4 corresponded to values of 12.90%, 46.85%, 30.25% and 23.33%, respectively
. Examining signal overlap of N-cadherin and connexin43 in merged images from patients 2-4 and a control sample allowed for the calculation of colocalization coefficients. These values are visually represented as yellow signal in
Plakophilin-2 siRNA alters connexin43 expression and localization in HL-1 cardiomyocyte cells
